going surgical abortion (p = 0.42). Conclusions: There was no difference in the mean final costs between the two abortion methods. Complications of persistent bleeding and failure to abort (requiring surgical intervention) in the medical treatment group increased the final mean total cost substantially.
direct costs of the two abortion methods for gestation up to 49 days in Guangzhou, the most developed city in South China.
Subjects and Methods

Subjects
Women with gestation of up to 49 days seeking abortion at the out-patient department of the Department of Obstetrics and Gynecology, First Municipal Hospital of Guangzhou from January 1, 2008, to March 31, 2008, were included in this study. Eligible women were given the choice of either a surgical or medical method and were subsequently classified into one of two groups.
Inclusion and Exclusion Criteria
Women aged over 18 years, with a confirmed viable singleton intrauterine pregnancy of up to 49 days of gestation as assessed by pelvic ultrasound were included. Women with asthma or spasmodic bronchitis, impairment of liver or kidney function, longterm corticosteroid treatment, hemorrhagic disorder or treatment with anticoagulants, known allergy to mifepristone, breastfeeding, multiple gestation, genital tract infection, in situ intrauterine devices, adnexal masses, and severe cardiac disease were excluded.
Medical Abortion
The women who chose medical abortion were asked to take 25 mg mifepristone orally every 12 h for 3 days. Three days afterwards, they were asked to return and receive 600 mg misoprostol orally, and were observed for 4 h. If expulsion of the products of conception had not occurred during the 4-hour period, they were offered an additional 600 mg misoprostol and asked to stay for an additional 4 h. If the expulsion of the complete gestational sac could be confirmed, the women were asked to complete a questionnaire regarding the occurrence of side effects before they were discharged from the hospital. Patients were also asked to record, over the next 14 days, the number of days vaginal bleeding occurred and to return to the clinic after 14 days for follow-up.
Surgical Abortion
Electric vacuum aspiration with a mixture of 50% nitrous oxide and 50% oxygen for analgesia was used for surgical abortion in an out-patient theatre. All women were prescribed antibiotics for a week to prevent postabortion infection. A self-completed questionnaire was used to record any nausea, vomiting, headache, hot flushes, dizziness or chills. They were invited to return after 14 days for follow-up.
Outcome Measurements
Efficacy (success rate) was defined as the rate of complete abortion without the need for additional surgical intervention as indicated within 2 weeks of the procedure (surgical curettage for the medical group or repeat aspiration for the surgical group). The indications for surgical intervention were categorized as ongoing pregnancy, acute and severe bleeding, and incomplete abortion (retained products of conception). All tissues of expulsion from the uterus after surgical intervention were sent for histopathological examination.
Complications were defined as fatality, inpatient hospital admission, pelvic infection, blood transfusion and surgery-related complications such as uterine perforation and cervical laceration.
Side effects were defined as subjective symptoms experienced during abortion such as nausea, vomiting, headache, hot flushes, dizziness, tiredness and diarrhea as well as pain from cramping. Hemoglobin levels were measured before the abortion and at the follow-up visit 2 weeks after the treatment. The duration of bleeding was also recorded.
Economic Evaluation
An economic evaluation was performed from a third-party payer's perspective. Cost-minimization analysis was adopted as the method of economic evaluation in the present study. Costminimization analysis is one of the methods of economic evaluation, which should be undertaken only when there is evidence to suggest that outcomes of different health care interventions are the same or similar; afterwards economic analysis can concentrate on inputs and disregard consequences. The aim of cost-minimization analysis is to decide the cheapest way of achieving the same outcome. In the present study, all early pregnancies were terminated within 2 weeks using either method, and the outcomes for both groups were considered similar.
Cost Calculations
All costs incurred at the hospital were available from the hospital computer database. Costs were calculated as all charges for the overall procedures in the out-patient clinic.
Costs were divided into diagnostic, medication and therapeutic categories. Diagnostic costs included pelvic ultrasound, onestep quick urine hCG test, screening for vaginal pathogen, serum ␤ -hCG, etc. Medication costs included mifepristone, misoprostol, uterotonics, antibiotics and hemostatics. Therapeutic costs included those of the operation, anesthesia and observation. The costs of initial treatment and potential subsequent intervention, as well as the final total cost over the whole study period were calculated for each patient.
Ethical Approval
This study was approved by the Ethics Committee of the First Municipal Hospital of Guangzhou.
Statistical Methods
The sample size calculation was based on the null hypothesis that surgical abortion is not more effective than medical abortion. Based on an estimate of 93% efficacy [7] for medical abortion and 99% efficacy [3] for surgical abortion, it was determined that 200 subjects in each group would be required for a power of 80% and a two-sided 2 test with a p value of 0.05 (using Stata/SE 8.0 package). To account for an expected 10% loss of follow-up among the two groups, 220 subjects were enrolled prospectively in each group.
The mean total cost was calculated for each strategy. Costs were calculated and reported in Renminbi yuan (CNY; USD 1 = CNY 8). Student's t test was used to test for differences between means of continuous variables, and a 2 test was used for categorical variables. All statistical tests were two-tailed, and p ! 0.05 was considered statistically significant.
Results
Of the 430 women included in the study, 219 (51%) chose the medical method and 211 (49%) chose the surgical method. The overall completion rates on the first and follow-up questionnaires were both 100%. Table 1 shows the baseline characteristics of the two groups. The two groups were similar in gestational age and previous abortion. However, the subjects undergoing medical abortion were significantly younger than those undergoing surgical abortion (p ! 0.05), and there were more unmarried, nulliparous and primigravid women in the medical group than in the surgical group (all p ! 0.01).
Of the 213 women in the medical group who returned for the 2-week follow-up, the rate of complete pregnancy termination was 90% (192/213). The remaining 21 women were defined as failures and surgical intervention was required. After surgical curettage for failure of these 21 women, histopathologic findings of all tissues of expulsion showed residual tissues in 100% (21/21) of cases, and an infiltration of inflammatory cells was identified in 86% (18/21). In the surgical group, at the 2-week followup, no woman was found to require a repeat vacuum aspiration. The efficacy reached 100% (196/196) .
No fatality, inpatient hospital admission, suspected pelvic infection or blood transfusion occurred in either group. No cases of complications related to surgery, such as uterine perforation or cervical laceration, were recorded. Table 2 shows that during the medical abortion, more women experienced gastrointestinal side effects (nausea, vomiting and diarrhea) than in the surgical group. On the other hand, the main side effects of surgical abortion were tiredness, dizziness and chill. Though the majority of the women reported abdominal pain in both groups, the difference between the two groups was not statistically significant. The pain score was also similar in both groups.
The duration of bleeding lasted an average of 12.0 8 7.9 days in the medical group and 4.2 8 2.7 days in the surgical group (p ! 0.001). Baseline hemoglobin levels were similar in the two groups. Hemoglobin levels in the two groups showed an average decrease of less than 1 g/dl in both groups. Although women experienced a larger decrease in hemoglobin levels from the baseline to 2 weeks after medical abortion (from 12.6 8 1.0 to 12.1 8 1.5 g/dl) in comparison to surgical abortion, the mean changes in hemoglobin levels between the two groups were not significant (p = 0.19).
The unit costs of resource items related to the two treatment strategies are shown in table 3 . Table 4 shows that the mean total cost of CNY 367.56 8 21.31 in the surgical group was significantly higher than that in the medical group (CNY 279.25 8 9.48; p = 0.01) after initial treatment. Of the 213 women in the medical abortion group, 21 women failed to abort and received surgical intervention. The increased costs in these women included the costs of registration, pelvic ultrasound, ␤ -hCG test, operation, anesthetics and prophylactic antibiotics. The Values are means 8 SD or n (%). Curre ncy conversion: USD 1 = CNY 8. 1 Needed by some cases who vomited soon after the first dose administration or when no expulsion of the products of conception occurred during the first 4-hour period of observation. 2 Ranges of costs for antibiotics, hemostatics and uterotonics for 1-week prescription were specified due to the diversity in different types of prescription provided by different doctors if necessary. 81, but the difference was not statistically significant (p = 0.33). No significant difference was found in the mean total cost for the medical and surgical groups after adding the subsequent costs within the period of the 2-week follow-up (p = 0.42).
Discussion
In China, which has a stable number of cases asking for termination of unplanned pregnancies, women do not only consult the doctors about the differences in clinical efficacy and complications of the two approaches. Cost saving is also an important aspect of consideration because most out-patient fees are paid by the patients. The limitation of resources in health care and the increasing pressure on health care expenses also imply that physicians should not only consider the safety and efficacy of a treatment intervention, but also take into account the economic aspects as part of the clinical decision-making process and provide more information to the clients with regard to clinical and economic information [8] .
In the present study, we found that the efficacy in the surgical group was significantly higher than in the medical group. Surgical abortion incurred much more costs than medical abortion on average after initial treatment. However, when the subsequent costs were accumulated within the period of the 2-week follow-up, the mean total cost in the medical group increased significantly due to failure of abortion and persistent bleeding in some cases. Thus, as a whole, patients undergoing medical abortion eventually incurred equivalent expenses compared to patients undergoing surgical abortion. To the best of our knowledge, this is the first study comparing the clinical efficacy, complications, side effects and direct cost by the two abortion methods in women with gestations up to 49 days in South China.
Efficacy and Safety of the Two Abortion Methods
Comparison of efficacy (success rate) between medical and surgical abortion is one of the key measures in our study. The timing for determining success is an important question we had to face. The timing of success varies from 2 days to 15 weeks, making comparison of efficacy in various studies problematic. In some studies [9, 10] , expectant management became the first choice in order to handle the incomplete abortion instead of surgical intervention. Some authors did not regard prolonged bleeding or presence of tissues in the uterus as an indication for surgical intervention as they believed most incomplete abortions will become complete over time, or that the remaining tissues in the uterus would be expelled during subsequent menstrual bleeding. We defined 2 weeks as the timing of success in our study, which is quite early to determine success or failure in the course of follow-up. In our study, evidence of residual tissues and infection in the uterus was identified in some cases, and surgical evacuation of the uterus was determined to be essential. Some studies [11, 12] reported that necrotic decidua or trophoblasts retained in the uterus was the main cause for prolonged and heavy bleeding after medical abortion. Furthermore, heavy or prolonged bleeding can cause anemia and the risk of endometritis obviously increases over time. Our findings are similar to the findings above. Hence, it is necessary to determine success or failure earlier in the course of follow-up to prevent occurrence of infection and anemia. Additionally, although the duration of bleeding was longer in the medical group (12.0 8 7.9 days) than in the surgical group (4.2 8 2.7 days), the overall changes in hemoglobin concentration between the two groups were not significantly different. Performing surgical curettage timely might be the explanation for this result, otherwise bleeding might persist and hemoglobin concentration would decrease. Note that in other studies, in comparison to women who accepted a surgical abortion, the hemoglobin level in women with prolonged bleeding left to expectant management significantly decreased. Overall, we suggest that a 2-week fol-low-up is necessary and adequate after the medical procedure as the timing for determining success.
A repeat oral dose of mifepristone (25 mg b.i.d.; total 150 mg) followed by misoprostol (0.6 mg) is currently the most commonly used regimen in China. This dosage has been shown to be effective with a complete abortion rate of over 93% [4] . This regimen was adopted as the standard for our medical abortions. We found that the complete abortion rate of 90% after medical abortion was lower than that of 100% after surgical abortion, and more women experienced gastrointestinal side effects (nausea, vomiting and diarrhea) in the medical group than in the surgical group. Our lower complete abortion rate in medical abortion compared to other studies using the same regimens in China may be explained by the different followup time point. Most incomplete abortions will become complete with time, with the remaining products of conception expelled during subsequent menses [13] . In our study, the time point determining success was set at 2 weeks after the procedure, which might have resulted in more diagnoses of retained products of conception leading to more surgical interventions than in other studies with longer follow-up time. In contrast to China, vaginal administration of misoprostol is commonly used in most countries in Europe and the USA [14] . Although vaginal administration of misoprostol has fewer side effects, this method is cumbersome to administer and less acceptable to women in China. Women prefer the oral route because it is easier and more convenient and has good compliance. Even though more side effects such as cramping, nausea, vomiting and diarrhea may occur after oral administration of misoprostol in the medical group, these problems are not serious enough to result in refusal during the abortion.
A complete abortion rate of 100% in surgical abortion with no cases of surgery-related complications such as uterine perforation and cervical laceration recorded is clearly satisfactory. This can be explained by the fact that surgical abortion in China, especially in our hospital, is performed by clinicians with more experience. They have to manage many cases seeking for surgical abortion everyday due to the large population and the national policy on family planning. Only trained clinicians with adequate experience can be approved to perform the surgical abortion alone according to the local guideline. However, we found that significantly more women in the surgical group compared with the medical group had previously given birth. This might in theory confound the results: the myometrium of a parous uterus can probably better contract and expel the products of conception and the cervix can more easily dilate. Hence, fewer complications occurred after surgical abortion. Further studies including women with comparable parity are warranted.
Economic Evaluation and Identification of Potential Cost Drivers
In the present study, accounting only for initial costs, surgical abortion appeared to be 32% more expensive than medical abortion (CNY 367.56 8 21.31 vs. 279.25 8 9.48). However, when the subsequent costs of examination and treatment due to incomplete abortion and bleeding within the period of 2-week follow-up were added, on average the medical group incurred almost equivalent costs as the surgical group (CNY 379.03 8 27.75 vs. 375.16 8 12.81). Hence, on average the whole group undergoing medical abortion would eventually cost the same as the surgical group. Thus, these results can provide important information for those who prefer medical abortion due to its presumed lower costs.
Of the 192 women who were confirmed to have had successful medical abortions, 62 cases were prescribed additional antibiotics, hemostatics and uterotonics after the pelvic ultrasound and serum ␤ -hCG test due to persistent bleeding. After adding the costs of these items, the mean total cost for each patient with persistent bleeding at 2-week follow-up increased from CNY 279.25 8 9.48 to 451.13 8 14.07. Patients with persistent bleeding had to spend approximately 62% more than those whose bleeding had ceased after the medical abortion. The relative increase was very high, which highlights persistent bleeding as a cost driver. Whether or not bleeding has ceased after a medical abortion is an important factor influencing the total cost.
Additionally, of the 213 women who underwent a medical abortion, 21 women failed to abort and received surgical intervention. The mean accumulated total cost for these 21 patients were up to CNY 664.28 8 53.93 compared to 338.67 8 35.90 for those whose medical abortions were successful without surgical intervention. Thus, the initial success of the medical abortion had a strong impact on the total cost, with incomplete abortions being the biggest cost driver of medical abortion.
Our study had the strengths of prospective study design (which can minimize the risk of recall and information bias), high response rates (95%), and detailed information on total and categorical expenses. Nevertheless, our study had some limitations. Firstly, although a randomized controlled trial is an ideal design to compare these two methods, such a trial was not possible in our setting. As the two different abortion methods have been developed and performed for a long time in China, most women are quite familiar with the two procedures and most of them have their own method preferences when seeking abortion services. Women are not willing to be randomized due to the fear of being allocated to the treatment strategy they do not like. Patient preference is the major obstacle against randomization. Secondly, some selection bias in the present study could have come from our selection procedure because different baseline demographic characteristics between the two groups were observed. The selection bias might have a potential impact on patients' acceptability and efficacy of the procedure. Furthermore, the generalizability of our results might be limited since all abortions were performed at the same out-patient clinic of the same hospital by the same gynecologist within the same period in order to maximize the comparability of the two procedures. It is possible that our findings may differ from those with abortions done elsewhere. Finally, although our response and retention rates were rather high, women who were eligible and had completed the study might differ from those who did not. A multicenter study is warranted.
In conclusion, administration of mifepristone in combination with misoprostol is a safe and efficient alternative to the surgical abortion method in termination of early pregnancy. Studies of cost-effectiveness of abortion methods, especially in developing countries like China, can generate important local evidence to assist decision making, facilitate the best possible use and create maximum benefits of available resources.
